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ABSTRACT

This investigation pertains to the construction and investigation
of a sensitive probe to determine the possibility of measuring the
mass flux of water vapor in air under non-flow steady state conditions.

The probe was a small electrolysis cell in which the electro-

lyte (partially hydrated phosphorus pentoxide) was used as the sensing
element.

The rate of mass transfer was determined by measuring the

amount of direct current flowing through the acid film.
In a non-flow system, the water vapor diffusing to the probe
reacts with the partially hydrated phosphorus pentoxide to form
phosphoric acid.

This acid conducts a current which is directly

proportional to the amount of the acid present.

The current also

electrolyzes the water into hydrogen and oxygen.

At steady state

conditions, the current recorded is a function of the water vapor
diffusing to the probe, that is, the magnitude of the direct current is a function of the rate of mass transfer of water vapor.

The

quantity of water vapor diffusing to the probe will be finite and
constant at a given temperature, and will be indicated by a constant
current.

Under the above conditions the voltage should be independ-

ent of the current.

Efforts to show this independence were not

conclusive and indicated that the probe in its present state of develop-

ment could not be used successfully to measure mass flux.

Various

modifications were made in the probe design in an attempt to overcome difficulties and obtain reproducible data.
in this work has been obtained to date.

Only limited success
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I.

INTRODUCTION

The ability to measure mass flux accurately and quickly would
be of great interest and of considerable importance to chemical
engineers.

In this work an attempt has been made to develop some

means by which mass flux could be measured experimentally.

In

practice, mass flux calculations (without a chemical reaction)
require accurate data pertaining to gradients (pressure or concentration}, diffusivity, length of the diffusion path, and effective area
for diffusion.
Strunk and Mitrovic ( 10} developed a small probe that would be
capable of measuring the mass flux of water vapor in air or in other
non-reactive gases at various positions from an interface under nonflow steady state conditions.

The same probe could be utilized in

measuring the mass flux of water vapor in flowing gas streams under
steady state conditions.
The work done by Strunk and Mitrovic ( 10} indicated that with
increasing voltages the mass transfer as indicated by the direct current decreased.

This decrease was thought to be due to the changes

in the diffusivity or mass transfer coefficient caused by the countercurrent flow or back-streaming of the products of the electrolysis of
water vapor, that is, hydrogen and oxygen.

In order to prevent this
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back-streaming effect, these investigators suggested the probe be
redesigned and its geometry changed.
The work of this writer pertains to the redesign and change of
the geometry of the Strunk and Mitrovic probe in order to prevent
back-streaming of electrolytic products.

The basic principles per-

taining to the mechanisms of this probe are the same as those for
the probe designed by Strunk and Mitrovic ( 10).
The work was limited to the possibility of designing a small
probe that would be capable of measuring mass flux of water vapor
in air under non-flow steady state conditions, and to illustrate
limiting currents (constant mass transfer rate) which would be independent of voltage.

Since the current would be directly propor-

tional to the quantity of water vapor reaching the probe, it was
expected that a limiting current would be obtained under steady
state conditions at higher voltages.

Under specific conditions of acid

film thickness on the probe, electrode configuration, and temperature of the system under study, limiting current values and corre.,.
sponding mass transfer rate values have been experimentally
measured using various probes designed in this work.
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II;;< LITERATURE REVIEW

Electrolytic measurements are presently gaining ground over
all allied methods in nearly every field of science and engineering.

This advancement is attributed to progress in the field of electronics and electrical engineering.

In the field of chemistry and engi-

neering, electrolytic methods have been developed for accurate
determinations of the moisture content of gases and various hydrocarbons { 1, 2, 7, 10, 12 ).
The first practical moisture analyses by direct amperometric
measurements were reported by Keidel { 7 ).

Keidel designed a

hygrometer, based on the principles of quantitative electrolysis.
This hygrometer consisted of a long inert teflon fluorocarbon resin
tube {inside diameters between 0. 5 and 2. 5 millimeters) inside of
which two platinum electrode wires were spirally wound.

A thin

viscous film of partially hydrated phosphorus pentoxide was applied
to the electrodes and was electrolyzed to dryness.

This film ab-

sorbed water vapor from a gas flowing at a constant rate through the
tube.

The absorbed water was quantitatively electrolyzed to oxygen

and hydrogen at the electrodes by the application of a direct current
at voltages greater than the decomposition potential of water, that
is, greater than 2. 0 volts.

The range of application was given as
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l p. p.m. to l, 000 p. p.m. for water vapor in gases.

The mass of

electrolyzed water was directly related to the electrolysis current
by Faraday's law.
Continuous coulometric techniques in moisture analyses of organic liquids have been studied in detail by Cole and others ( 2 }.
Their coulometric titration system consisted of a stripping column
in which the water from a continuously flowing sample stream was
quantitatively removed by a flowing gas stream.

The gas stream

was made to pass through a coulometric cell consisting of an anhydrous phosphorus pentoxide matrix between platinum electrodes
which measured the water in the effluent gas stream.
Taylor ( 12) designed a portable electrolytic water analyzer for
moisture analyses of fluorinated hydrocarbons.

The analyzer was

based on the electrolysis of water vapor absorbed from a vaporized
liquid stream by a thin film of viscous phosphoric acid held between
two platinum electrodes.

The absorbed water was continuously elec-

trolyzed by a direct current applied across the electrodes and the
moisture content was determined from the current using Faraday's
law.
Czuha and Gardiner (4) on similar lines as those of Taylor's
and others, studied the coulometric applications in analyses of
water in jet fuels.

For measuring the amount of water in liquid
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fuels they employed a technique of stripping the water from the
liquid sample with dry nitrogen.
Crawshaw and Davidson ( 3} designed electrolytic hygrometers
for measurements of water vapor in gases down to a few parts per
million.

The construction of the hygrometers was similar in

principle to the one constructed by Keidel.

Helical coils of platinum

wires were used as the electrodes; partially hydrated phosphorus
pentoxide in the form of a thin viscous film on the platinum electrode
coils was used as the sensing element.
were used as the carrier gas.

Air, Freon-12, and nitrogen

These investigators showed the in-

fluence of various water vapor concentrations and gas flow rates on
the measurement error.

They also studied the absorption efficiency

of the detector as a function of varying gas flow rates and water vapor
concentrations.
These experiments showed that the efficiency of water absorption depends on the gas flow rate and water vapor concentration, and
indicated that the rate of mass transfer of water vapor, even in long
narrow tubes, has a significant influence on corresponding current
measurements.

The use of gases such as Freon-12 showed that

different gases have an influence on the efficiency of water absorption which could be explained by the differences in the diffusivity
values of water vapor through various gases.
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Crawshaw and Davidson ( 3 ) also studied the influence of temperature on the electrolysis current and indicated that the conductivity
of the phosphoric acid film increased with temperature and was independent of humidity.

Their work indicated that the rate of in-

crease in conductivity with temperature is essentially a linear function, with a temperature coefficient of about 1. 5 micro-amperes per
degree Centigrade.

According to these investigators for many prac-

tical purposes this rate of increase in conductivity is negligible.
Strunk, Mitrovic, and Bunch ( 11) developed a sensitive lithium
chloride probe for measuring concentration profiles in gaseous mixtures containing water vapor.

This probe was constructed from thin

glass tubing (inside diameter of one millimeter and about three inches long). Platinum electrodes, passing through the tubing, were
closely wrapped (about two millimeters apart) on the outside for a
total length of about one inch.
nected to the glass tubing.

The end of each electrode was con-

The sensing element (electrolyte) of

this probe was a mixture of polyvinyl alcohol and lithium chloride,
which had been applied directly on the glass and the wires.

The mix-

ture contained 0. 5 grams of polyvinyl alcohol and a range of concentrations from 0. 01 to 0.1 grams of lithium chloride in ten cubic centimeters of water.

Before actual measurements were taken the probe
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was dried and calibrated.

At constant temperature, the resistance

of the probe {when in equilibrium with air or other non-reactive
gases containing water vapor) constituted a measure of the concentration of water vapor present.

These measurements were made

with a conductivity bridge since alternating current was used.

The

range of water vapor concentrations studied was at partial pressures
of water of 8. 0 to about 28. 0 millimeters of mercury, that is, for a
relative humidity range of about 25. 0 to 85. 0 per cent.
Strunk and Mitrovic ( 10 ) designed a sensitive probe similar to
the lithium chloride probe { 11 ).

The probe was used for studying

the influence of water concentration, voltage, and probe temperature
on heat and mass transfer between the probe and the surroundings for
both flow and non-flow conditions.

Two electrodes (helical coil of

platinum wires) were wrapped over a mat of asbestos fiber treated
with phosphoric acid.
glass tubing.

The wires were wrapped on the outside of the

Partially hydrated phosphorus pentoxide was used as

the sensing element.

Very thin glass tubing, having a diameter of

about 2. 0 millimeters and a length of about 7. 5 centimeters was used.
The spacing between the platinum wires in the helix was about 1. 0
millimeter and the length of the winding was about 1. 5 centimeters.
The probe is illustrated in Figure 1, page 8.

The electrode portion

of the probe was immersed in a concentrated (and viscous) solution

THERMOCOUPLE LEADS
ASBESTOS

+-

POWER CONNECTIONS
Figure 1.

Probe designed by Strunk and Mitrovic .• ( 10)
00
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of phosphoric acid and was rotated in order to ensure a uniform acid
film thickness on the probe surface.

Before any measurements were

made, the probe was dried in an atmosphere of dry phosphorus pentoxide by gradually increasing the applied voltage from 2. 0 volts (decomposition potential of water) to about 15. 0 volts.

The temperature

of the probe was recorded by means of a copper-constantan thermocouple which was sealed inside the thin walled glass tubing, beneath
the layer of partially hydrated phosphorus pentoxide.

This probe

could be used to evaluate heat and mass transfer effects for certain
water-vapor gaseous mixtures.

Electrolysis current measurements

made by using the probe could be quantitatively expressed by simple
relationships.

Their work was based on the fact that water vapor

diffusing through air or other non-reactive gases, was absorbed by
the phosphorus pentoxide and was converted to various phosphoric
acid ionic species ( 2 ) •

The matrix between the two electrodes be-

came conducting:

(l)
Application of direct current to the electrodes, at potentials in excess of the water decomposition voltage, accelerates ionic diffusion
and electrolyzes the absorbed water, converting it to oxygen and
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hydrogen at the anode and cathode, respectively.

Thus, there is a

continous electrolytic regeneration of phosphorus pentoxide:

(2 )

The acid formed conducts a proportional quantity of current and some
absorbed water is decomposed by the current to oxygen and hydrogen.
The mass of water electrolyzed is directly related to Faraday's law:

m

e

I e
F

(3 )

where:
m =mass of water electrolyzed, grams

e :::

time, seconds

I = current, amperes
F = Faraday, 96,495. 6 coulombs/ gm equivalent
e = equivalent weight of water, 9. 0 gm/gm equivalent.

The quantity of absorbed water that is electrolyzed per unit time, can
then be directly obtained from this equation:

m
~

= 9.32xl0 -5 I ,

gm water
amps· sec

( 4)

Strunk and Mitrovic indicated that, for both flow and non-flow
conditions, the temperature of the probe increased continously with
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increasing voltage.

The rate of mass transfer also increased with

increasing voltage till a maximum value was attained.

From that

point, further increases in voltage resulted in a decrease in current
and the corresponding rate of mass transfer.

They also concluded

that in the range where mass transfer increased continously with increasing voltage (till the maximum value is obtained), electrolysis
could be controlling.

The mass transfer decreased beyond this

maximum value due to the changes in the diffusivity or mass transfer
coefficient caused by the back-streaming of the products of electrolysis of water vapor

- oxygen and hydrogen.

According to these

two investigators ( 10 ):
"This back-streaming precludes the use of a probe of this type
for accurate diffusivity measurements. This disadvantage
could be conceivably corrected by redesigning and changing
the geometry of the probe to eliminate the back-streaming of
the electrolyzed products ••.•• n
The work done by Strunk and Mitrovic indicated that at higher
voltages the current and the corresponding mass transfer rate, instead of attaining some constant value, decreased due to the changes
in the diffusivity or mass transfer coefficient caused by the backstreaming of the electrolyzed products.

It was deemed necessary

to redesign and change the geometry of the probe such that limiting
current values and the corresponding constant mass transfer rate
values are obtainable at higher voltages.

Once the limiting current
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values are obtainable then the mass flux, diffusivities of water vapor
in air or in other non-reactive gases at various positions from an
interface, can be easily obtained from simple relationships.

Also,

in principle, such a probe can be used for accurate studies of the
effect of gas composition on diffusivity.

At present, diffusivity 1s

considered to be independent of gas composition ( 9 ) .
From this brief review, it is clear that electrolytic measurements have advantages over other methods in that they are continuous and precise.

For moisture content measurements, the use of

partially hydrated phosphorus pentoxide as the sensing element has
the advantage of not only being an excellent absorbent for water vapor
but at the same time allows for a continuous electrolytic regeneration
of the partially hydrated phosphorus pentoxide.

It precludes the use

of some gases such as ammonia and hydrogen fluoride ( 7 ) due to
reactions of these gases at the electrode surfaces.
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III.

A.

EXPERIMENTAL

Purpose of Investig_ation.

The work done by Strunk and

Mitrovic ( 10) indicated that at higher voltages, the current decreased instead of becoming independent of voltage and attaining some
constant limiting value.

Also, the corresponding mass transfer rate,

instead of attaining some constant value, decreased due to the
changes in the diffusivity or mass transfer coefficient caused by the
back-streaming of the products of electrolysis of water vapor.

It

seemed desirable to redesign and change the geometry of the probe
so that constant mass transfer rate values (limiting current values)
might be obtained.

Accordingly, this investigation involved the re-

design of the probe for measuring mass flux of water vapor in air.

B.

Plan of Experimentation.

In this investigation, the behav-

ior of each of these redesigned probes was studied in detail.

In the

preparation and study of each of the probes, the underlying basic
design principle was one of elimination of the back-streaming of the
products of electrolysis of water vapor, into the system.

In prin-

ciple, the water vapor diffusing to the probe reacted with the hydrated phosphorus pentoxide to form phosphoric acid which conducted
a current proportional to the amount of the acid formed.

The water
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was decomposed by the current to oxygen and hydrogen.

The designs

of the probe were such that it was hoped that these products of electrolysis would be removed from the system and thereby eliminating
the problem of back diffusion.
Various probe designs with modified electrode configurations
were prepared and studied.

In all cases, platinum electrodes were

used, and hydrated phosphorus pentoxide was used as the sensing
element.

The electrodes were mounted either around an opening or

on porous material of varying mesh openings, to ensure an outward
flow of the products of electrolysis, away from the system under
study.
The types of probes used in this investigation are described in
detail in Appendix A, page 4 7.
In all cases, the system selected was a saturated solution of
potassium thiocyanate.

The partial pressures of water over the

saturated solution as a function of temperature are available.

This

was also one of the systems studied by Strunk and Mitrovic (10) in
their work.

C.

Equipment and Materials .

All equipment and materials

used in this investigation are listed and described in Appendix B,
page 64.
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D.

Experimental Set- Up.

The experimental set-up for this

investigation is illustrated in Figure 2, page 16.

Description of this

set-up is as follows:

1.

Probe.

The probe with which most success was obtained

in this work was the sintered glass filter crucible probe, and it is
illustrated in Figure 3, page 17.

It consisted of a small Pyrex sin-

tered glass filter crucible, base diameter of about 1. 5 centimeters
and about 3. 5 centimeters tall.

The sintered glass disc at the base

of the filter crucible, which usually serves as a filtering media,
served as the porous mat for anchoring the platinum electrodes.

Two

very thin platinum wire electrodes were anchored on the outer side
of the sintered disc.

Four holes, in two rows and two columns, were

drilled (No. 80 drill} in the central portion of the sintered disc with
about 0. 25 centimeters distance between the columns and 0. 50 centimeters between the rows.

In order to hold the electrodes in posi-

tion, the columns were grooved from one hole to another with a
pointed tool.

The electrode leads were pulled out through to the 1nner

side of the crucible so that the electrode area on the outer base of the
sintered disc appeared in the form of two parallel strips of wires.
The two electrodes were separated from each other with thin polyvinylchloride tubing.

The four drilled holes through which the two

electrodes passed were finally packed with teflon tape to ensure that

~·

Pt-/trodes

7rying

Tube

Probe

(ij~/

-

+
.Power/
Supp!y

/I~·

Voltmeter

/

Saturated KCNS Solution

......

·o-Figure 2. Schematic drawing of the electrical circuit and the probe assembly for experimental
measurements.
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·PVC-Tubing

+

Side View

:Pt-Electrodes

Bottom View

+

Figure 3.

Sintered glass filter crucible probe.
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no water vapor leakages existed.

A rubber stopper with one central

hole was used to hold the probe.

The top of the sintered glass filter

crucible was tightly stoppered with a rubber stopper.

In order to

pull out the electrode leads, two grooves were cut in the side of the
rubber stopper.

Through a central hole in the rubber stopper, a

glass tube was made to pass.

The glass tube had two 90° bends.

The shorter leg of the glass tube was made to pass through the rubber stopper, and the longer leg was connected to a laboratory drying
tube.

The drying tube was filled with loosely packed calcium chloride

which served as a desiccant ( 5 ) •

The drying tube served as a

drying media for any incoming moist air.
for the products of electrolysis.

It also served as the exit

Furthermore, to ensure filtration

of the incoming dry air, some glass wool (cleaned in boiling aquaregia followed by boiling in distilled water and drying} was placed
inside at the upper and lower ends of the drying tube.
2.

Temperature Control and Measurements •

The thermo-

meter used was calibrated in 0. 1° C intervals and had a range of 0 to
100° C.

In all cases, the temperature of the system was maintained

constant at 25. 0

+

0. 1° C.

A constant temperature bath was used to

maintain this temperature.
3.

Electrical Circuit.

The electrical circuit used in this

investigation was simple and consisted of the following components:
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a.

Voltmeter.

A vacuum tube voltmeter was used to

record the voltage across the probe.
b.

Milliammeter.

A milliammeter was used to record

the direct current flow through the probe.
c.

Power Source.

A power source was used to supply

the direct current.
d.

Rheostat.

A rheostat was used as the variable

resistor.

E.

Method of Procedure.
1.

Application and Drying of the Hydrated Phosphorus Pent-

exide Film on the Probe.

The probe was repeatedly washed with

boiling distilled water and was dried in an oven at a temperature of
about 180° F

o

A saturated solution of phosphoric acid was applied

on the probe surface by means of a fine sable brush.

The acid solu-

tion was slightly heated {about 5 0° C} in order to reduce the viscosity
and thereby to obtain a uniform acid film.

The probe was placed over

dry phosphorus pentoxide or dry calcium chloride, and was connected
in the electrical circuit.
of about 15-50 volts.

The probe was dried at impressed voltages

Drying was assumed complete when the current

reading was negligible {about 0. 003 milliamperes or less).
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2.

Experimentation.

The dried probe was placed over the

system under consideration, in this case, a saturated solution of
potassium thiocyanate at 25. 0

+

0.1° C. Constant voltage was applied.

At steady state, as indicated by approximately constant current readings, {0. 01 to 0. 03 milliamperes fluctuations) final current and
voltage readings were recorded.
different constant voltages.

This procedure was continued for

Calculations were then made to deter-

mine the amount of water vapor diffusing through the air and reaching
the probe.
3.

Results.

In this investigation various probe designs

were prepared and the behavior of each was extensively studied.
The following is a list of the designs, all using platinum electrodes:
a.

Fiber glass cloth probe:
{ i) spirally arranged electrodes,
{ii) parallel electrodes.

b.

Polyethylene masking tape and fiber glass cloth probe

with parallel electrodes.
c.

Polyvinylchloride, one-piece probe with parallel

d.

Teflon, three-piece probe:

electrodes.

{

i) with fiber glass cloth on the middle piece as

the electrode anchoring surface:
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( 1} circular cavity in the middle piece to hold
the fiber glass cloth and the electrodes,
{2) central slit in the middle piece to hold the
fiber glass cloth and the electrodes;
{ii) with a central slit in the middle piece, with
electrodes parallel to the slit opening;
(iii) with platinum wire gauze electrodes.
e.

Teflon, one .. piece probe with platinum wire gauze

electrodes:
{i) without glass wool packing between the electrodes,
{ii) with glass wool packing between the electrodes.
f.

Microstick, sintered glass filter tube probe with

parallel electrodes.
g.

Sintered glass filter crucible probe with:
(i} two parallel electrodes,
{ii } four parallel electrodes,
(iii) platinum wire gauze electrodes (two, semi-

circular).
The behavior of each of these probes for measurement of mass
flux of water vapor in air has been discussed in detail in the appendix
section, Appendix A, page 4 7 •
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Probe number g{ i ) in the above list, was the only design which
gave close to satisfactory results.

By using this probe, the limiting

current was found to be almost independent of the applied voltage.
From these limiting current values, the corresponding mass transfer
of water vapor diffusing to the probe, were calculated.
On the following pages typical sets of data for the amount of water
vapor diffusing to the probe per unit time as a function of applied
voltage are presented in Tables I, II, and III, pages 24, 25, and 26,
respectively.
these data.

Figure 4, page 27, is a graphical representation of

These sets of data were obtained during the study of the

behavior of the sintered glass filter crucible probe with two parallel
platinum electrodeso
The data presented in Table IV, page 28, are a typical set which
shows the so -called effect of non-uniformity of the acid film on the
probe surface.

Constant voltage {de) is presented as a function of the

amount of water vapor diffusing to the probe per unit time.
page 29, is a graphical representation of these data.

Figure 5,

The so-called

non-uniformity of the acid film on the probe surface is discus sed in
detail in the discussion section.
The data presented in Table V, page 62, are a typical set of data
recorded during experimentation with a different probe designo

The

probe design used was the sintered glass filter crucible probe with

23

two semi-circular platinum wire gauze electrodes.
63, is a graphical representation of these data.

Figure 12, page

Discussion of the

behavior of this probe and the probe design is presented in Appendix
A, page 47.
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TABLE

r*

Rate of Mass Transfer of Water Vapor from a
Saturated Solution of KCNS at 25° C **

Voltage

Current

Rate of Mass Transfer
of Water Vapor

volts

ma

{gm water/ sec)107

o. 018
o. 070
o. 245

o. 017

1. 600
3. 25
3.22
4. 18
7.36
6.39
8. 30
8.25
9. 50
9.40
9.70
10. 00
9. 70
9.75

1.491
3. 029
3.001
3.896
6.860
5.960
7.736
7. 689
8.854
8. 761
9. 040
9.320
9.040
9.087

2. 00
2. 07
2.42
2. 50
3. 10
3. 29
3.62
5. 00
5. 30
6. 21
6.90
8.42
9. 23
10.79
12.39
13.40
15.30

o.

065

o. 228

* Sintered glass filter crucible probe with
parallel electrodes
**Curve A~ Figure 4, page 27
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TABLE II~:~
Rate of Mass Transfer of Water Vapor from a
Saturated Solution of KCNS at 25° C ~:o:~

Voltage

Current

Rate of Mass Transfer
of Water Vapor

volts

ma

(gm water I sec) 10 7

2. 02

o.

05

o. 047

2. 50

2. 08

1. 939

4.28

11. 60

10. 8 11

6.28

18. 20

16. 962

8.70

23.50

21. 902

11. 90

25. 00

23.300

15. 20

24.70

23. 020

>!~
~:~>:~

Sintered glass filter crucible probe with
parallel electrodes
Curve B, Figure 4, page 27
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TABLE III~:<
Rate of Mass Transfer of Water Vapor from a
Saturated Solution of KCNS at 25° C ~:<~:<

Voltage

volts

2. 58
2. 88
3.72
5. 08
5.33
6. 22
7. 05
9.20
9. 98
11. 70
13.20
14.90
~:<
~:<~:<

Current

Rate of Mass Transfer
of Water Vapor

rna

{gm water I sec) 10 7

6.30
11.50
18. 25
25.70
30. 05
30. 05
32.90
32.50
33.30
31. 70
31.50
30.50

5.872
10. 7 18
17. 009
23. 952
28.007
28. 007
30. 663
30. 290
31. 03 6
29.544
29.358
28.426

Sintered glass filter crucible probe with
parallel electrodes
Curve C, Figure 4, page 27
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TABLE

rv··-

Rate of Mass Transfer of Water Vapor from a
Saturated Solution of KCNS at 25° C ~:~~:~

Voltage

volts
2. 50
3. 50
5. 00
7. 00
9. 00
11. 00
13. 00
15. 00
20. 00
25. 00
~:~~:~+25.

oo

30. 00
35. 00
~:~>:~~:~35. 00
40. 00
so. 00
~:~
~:o:~

Current

Rate of Mass Transfer
of Water Vapor

rna

{gm water I sec) 10 7

o. 111
o. 3 10

o. 103
o. 289

0.645
o. 980
1. 25
1. 38
1. 62
1. 80
2. 15
2. 20
2. 40
2. 53
2.45
2.62
2. 65
1. 88

o. 601

o. 913
1. 165
1. 286
1. 510
1. 678
2. 004
2. 050
2. 237
2.358
2. 283
2. 442
2.470
1. 752

Sintered glass filter crucible probe with
parallel electrodes
Constant Voltage Method
Figure 5, page 29
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4.

Sample Calculations.

The calculations involved in this

investigation were those for the determination of the rate of mass
transfer of water vapor to the probe surface using the current as
recorded at a particular applied voltageo
From Table II, page 25, for Curve B; last reading:
Current = 24. 70 milliamperes

Voltage = 15. 20 volts

and using Equations ( 3 } and ( 4 ) , page 10:
Rate= m

e

=I

e

= 9. 32

X

10

-5

I

F

'

gm water
amps• sec

Therefore:
Rate= m

= ( 9. 32 x lo- 5 }{0. 0247}

e
=

23. 02 x 10- 7 gm water/ second.
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IV. DISCUSSION

A.

Experimental Observations.

The design of a sensitive probe

for measuring mass flux of water vapor in air was one of trial and
error. Each of the several designs prepared and studied revealed a
major aspect as to the behavior of the probe under a given set of
experimental conditions.

Some designs indicated the behavior of the

acid film thickness on the probe element.

Others indicated the effect

of variations in temperature of the system and on the current readings.

Some require a long response time for attaining a steady

state. Each new probe was a modification of the previous design
based upon information obtained during experimentation.
Accordingly, this investigation was carried out with simple
probe designs and geometry at first, and was followed by repeated
modifications.

The information obtained from each of the several

designs studied are presented in detail in Appendix A, page 47 .
This section also includes a discussion pertaining to the design
aspects of these probes.

1.

Control of Applied Voltage •

It was believed at first,

that the tremendous fluctuations in voltage and current readings
were due to the high and varying resistance of the probe, and so,
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in order to obtain fairly constant current and voltage readings, higher
external resistance should have been used.
sistor did not aid in the situation.

The use of a varying re-

Measurement of the resistance of

the probe with a Wheatstone bridge indicated that its resistance was
in the order of about 200 to 300 ohms.
Tests were carried out by two methods which proved to be satisfactory.

By one method, a particular voltage was set on the volt-

meter, and time was allowed for the current and voltage readings
to stabilize.

Readings were recorded after constant current and

voltages were obtained.

A long time lapse was allowed (from 2 to

8 hours) to ensure that the recorded readings were constant.

With

the second method, a particular voltage was set on the voltmeter
and held constant by adjusting the power supply.
were recorded after steady states were reached.

Again, readings
Tables I, II, and

III, pages 24, 25, and 26, respectively, represent the data recorded by the first method.

The data recorded by the constant

applied voltage method are tabulated in Table IV, page 28.
For both methods, it was noticed that the response time was
long, on the order of one to two hours at higher voltage readings and
a few minutes at lower voltage readings.

It has been stated ( 8)

that usually a constant applied voltage electrolysis requires longer
electrolysis time durations.

This may be considered a disadvantage.
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2.

Control of Temperature.

The rate of electrolysis is

always affected by changes in temperature, owing to the fact that the
conductivity of the hydrated phosphorus pentoxide film increases
with temperature ( 3 ) •

In this investigation, an attempt was made

to closely control the temperature of the system.
constant temperature bath was used.
25. 0

+ 0. 10

C •

To this effect, a

All tests were performed at

It was observed in several tests, that when the tern-

perature of the bath was changed from the set value of 25. 0

0

C to

26. 0° C or higher, the change of temperature affected the current
reading by an increase of about 0. 1 to 0. 5 milliamperes.

The cur-

rent reading would return to the original value within a period of
about five to ten minutes after the bath temperature was re-adjusted
to 25. 0

0

C.

The probe geometry and design were such that it was

not possible to introduce a thermocouple near the vicinity of the
probe's sensing area so as to measure the temperature of the probe
its elf.
Furthermore, certain tests were performed outside the constant
temperature bath and it was observed that as the room temperature
varied, the current reading varied accordingly.

This could be attri-

buted to the fact that the conductivity of the acid film on the probe
increased with increase in temperature.

It was also believed that the probe could pick up temperature
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changes due to its being submerged to different levels in the bath when
portions of it extended into the air above the bath.

In one particular

test using the sintered glass filter tube (microstick) probe (see Appendix A, page 47), the entire probe assembly was completely immersed in the constant temperature bath.
epoxy was used as a sealant.

To prevent water leaks,

No change in current readings were

observed.
3.

Uniformity of the Hydrated Phosphorus Pentoxide Film

on the Probe Surface.

In several experimental tests, it was ob-

served that beyond 3. 0 volts it became impossible to maintain a
constant voltage reading across the probe because of large nonuniform fluctuations in the readings which ranged from 0. 5 to 2. 0
volts.

At the same time the current reading also fluctuated from

0. 2 to 2. 5 milliamperes or more.

These fluctuations in current

and voltage readings were observed even though a long time lapse
was allowed for a steady state.

This could be attributed in part to

the non-uniformity of the hydrated phosphorus pentoxide film on
the probe element ( 6 ) •

If the film on the probe were non-uniform

then the current conducting area of the electrode would also be
non-uniform.

Due to such varying thicknesses and acid concentra-

tions in the acid film, the resistance of the probe would vary too,
with the result that the electrolysis current continoually changed.
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Also, in some tests where large fluctuations in current and voltages
were observed, the tests were continued for an hour or so, and then
discontinued.

Immediate examination of the probe surface showed

the non-uniform aspects of the acid film in the form of dried-out and
wet sites between and around the electrodes.
In order to obtain a uniform acid film on the probe surface, extra
care was taken at the time of application.

As described in the experi-

mental section, a sable brush was used to apply thin acid films.

In

some of the earlier tests, the viscous solution of saturated phosphoric
acid was directly applied on the probe by means of the brush.

In such

cases, large fluctuations in current and voltage readings were observed.

Non-uniformity of the acid film was distinctly observable.

Much better results were obtained when the viscous solution of saturated phosphoric acid was heated (to about 50° C) before application.
The heat reduced the viscosity of the acid solution so that application
of the less viscous solution had a greater tendency to spread out uniformly.
Furthermore, in other tests where fluctuations in current and
voltage readings were observed, the tests were discontinued and the
probe was allowed to remain over the saturated potassium thiocyanate
solution so as to permit the so-called non-uniform acid film to pick up
the water vapor diffusing to the probe.

The acid in the non-uniform
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acid film, by means of lateral diffusion, tended to spread out uniformly.

A time lapse of the order of 4 to 24 hours was allowed ( 6 ).

A continuation of the test did not prove to be of any advantage.•
Tests were also carried out in which either the acid film was
carefully applied between the two electrodes, the acid film was allowed to be formed by lateral diffusion of a small drop of the acid
solution placed between the two electrodes, or by applying the acid
solution on the entire probe surface.

Experimental studies indicated

that uniformity of the acid film was essential, no matter how the film
was applied or allowed to be formed on the probe surface.

Better

results were obtained by the direct application procedure rather than
that obtained by lateral diffusion of the acid drop placed between the
electrodes.

The lateral diffusion of the acid drop method gave a non-

uniform acid film, as current and voltage readings never stabilized
to some constant value.

Again, this could have been due to localized

concentration sites of varying acid film thicknesses on the probe surface.

Tables I, II, and III, pages 24, 25, and 26, respectively, re-

present the data obtained during experimental tests where the acid
film was directly applied on the entire probe surface, whereas the
data tabulated in Table IV, page 28, correspond to the test in which
a very thin acid film (as indicated by low current values ) was applied
between the two electrodes.
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4.

Isolation of the System from the Surroundings.

Since

phosphorus pentoxide is an excellent absorbent of water, and because measurement of mass flux of water vapor in air were being
studied, it became necessary to isolate the system under study, from
the surrounding humid air.

Because of this, provision was made to

use an inert gas flow as a blanketing agent in three of the probe
designs described in Appendix A, page 4 7 •
as the blanketing agent.

Nitrogen gas was used

In the final stages of this work it was

found that the use of an inert gas flow as a blanketing agent was not
necessary.
Accordingly, the calcium chloride drying tube, used in the final
device prevents the entry of humid air of the surroundings.

side air

B.

Any out-

that entered the system was essentially dried ( 5 ) •

Experimental Results.

Experimental studies revealed that

limiting current values and the corresponding constant rate of mass
transfer of water vapor values can be obtained under specific conditions of acid film on the probe surface, electrode configuration, and
the temperature of the system.

From Figure 4, page 27, the constant

rate values for the saturated potassium thiocyanate solution were
obtained while studying the behavior of the sintered glass filter crucible probe with two parallel electrodes.
tained at voltages above 10. 0 volts.

These readings were ob-

Also, it may be stated that the
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graphical representation also shows the effect of acid film thickness
on the probe surface.

Test data for Curve A were recorded during

the test with the thinnest acid film of the three tests, as indicated by
the lower current values obtained by increasing the voltage.

It may

be postulated that the thinner the acid film on the probe surface, the
greater the resistance.

Thus, for a given voltage and larger resis-

tance, lower current values would have been expected.

Conversely,

for the test represented by Curve C in the same figure, the thicker
acid film offered less resistance, and so for a given voltage larger
current values were obtained.
Furthermore, for the test represented by Curve C in Figure 4,
page 27, it is noticed that the so-called limiting current values exhibited a slight decrease with increasing voltage.

Such a tendency

could have resulted from many factors, such as, the non-uniformity
of the acid film, localized temperature changes in the film itself, and
other phenomena taking place which were difficult to isolate and
study.
Experimental data presented in Figure 5, page 29, using the
sintered glass filter crucible probe indicated that the acid film which
was applied between the two electrodes was very thin.

This is shown

by the fact that the resistance of the probe was much higher and
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caused a higher voltage to be used to electrolyze the quantity of
water vapor reaching the probe surface.

C.

Response Time.

In comparison to the response time of a

few minutes achieved by other investigators with other geometries
(1, 3, 7, 10, 11, 12) during experimentation with the phosphorus
pentoxide-water vapor system, the response time of the sintered
glass filter crucible probe was much longer.
of one to three hours at higher voltages.

This was on the order

This may be due to the fact

that in the work of most of the other investigators, the electrode configuration was usually in the form of a helical coil which held the acid
film and the humid gas stream was corning to the sensing element of
the probe under flow conditions.

Also, the flow across the long elec-

trode coil was maintained low enough to ensure a longer contact time.
Whereas, in this investigation, the electrode area was much smaller,
about 0. 5 x 0. 25 centimeters.

Also, the surface on which the two

electrodes were anchored, though being highly porous, had a thickness
of about 0. 25 centimeters, and a diameter of about 1. 5 centimeters.
Due to this, the acid film applied on the probe surface had a tendency
to spread out by lateral diffusion, far away from the two electrodes
and deep inside the sintered glass filter disc.

This widely spread acid

film absorbed water vapor continously, and at the same time water
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vapor was being electrolyzed at the electrodes, with the result that
longer time periods could have been required to attain steady state.
Response time could have been much shorter if the porous filter
disc had been thinner.
Attempts were made to obtain a quicker response time by increasing the electrode area.

Instead of using only two parallel elec-

trodes, two sets of parallel electrodes were utilized (design described in Appendix A, page 47 ) .

Experimental tests did not show

any advantages, as repeated fluctuations in current and voltage
readings were obtained.

At first, as mentioned before, it was be-

lieved that the fluctuations were due to the non-uniformity of the acid
film on the probe surface, but repeated experimentation revealed
that as each of the electrodes was less that 0. 25 centimeters apart,
the hydrogen and the oxygen formed at the alternate cathodic and
anodic electrode strips set up lateral diffusion effects.
continously affected the uniformity of the acid film.

This could have

In several tests,

the rubber stopper holding the probe was removed from the neck of
the bottle containing the saturated potassium thiocyanate solution, and
was instantaneously examined.

Numerous gas bubbles were visible all

over the four strips of the electrodes.

These bubbles of about 0. 02

millimeters or smaller in diameter, expanded to about 0. 5 millimeter
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or so and bursted.

This continous expanding and bursting of the

gaseous electrolysis products could have disturbed the uniformity of
the acid film on the probe surface.

D.

Accuracy and Reproducibility.

In this investigation, the

accuracy of the readings has been a function of the graduation of the
instrument scales, and on basis of this, it rna y be stated that the
current and voltage readings recorded in this investigation have been
read within

+ 0.

002 accuracy in the low range, and within

+ 0.

02 in

the high range.
As regards reproducibility of the experimental results, it may
be stated that for a fair,ly uniform acid film on the probe surface,
(Table I, page 24) satisfactory reproducibility has been obtained, and
was of the order of about 2. 73 per cent for the limiting current range.

E.

Preservation of the Probe.

Experimental tests have indi-

cated that a particular acid film on the probe surface gave satisfactory
results for a number of tests, irrespective of the time required to
complete each test.

At times, prolonged use of the probe indicated

some alteration in or some degradation of the acid film on the probe
surface.

This was observed by a sudden decrease or by large fluctu-

ations in the current readings.

In such cases, the acid film on the

probe was removed with distilled water ; the probe was dried, and a
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new acid film was carefully applied.

When the probe was not in use,

it was either kept over dry phosphorus pentoxide or over dry calcium
chloride, directly connected to a direct current source so that all
absorbed water could be continuously electrolyzed.

This procedure

gave a prolonged activity to the probe.

F.

Limitations.

One limitation of prime importance is due to

the use of partially hydrated phosphorus pentoxide as the sensing
element.

This precludes the use of some gases such as ammonia and

hydrogen fluoride ( 7 } due to reactions of these gases at the electrode
surfaces.
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V.

CONCLUSIONS

A detailed study of each of the several probe designs prepared
during this investigation led to the following conclusions:
A.

The main factors controlling the current or the rate of mass

transfer of water vapor measurements are:
a.

Uniformity of the hydrated phosphorus pentoxide film

on the probe element to ensure that the resistance of the whole acid
film was nearly constant.
b.

Close control of temperature of the system under study

in order to prevent the influence of temperature on the electrolysis
current.

It has been indicated ( 3 ) that the conductivity of the P

2

0

5

film increases with temperature.
c.

Uniformity of the electrode configuration.

The electrodes

were laid flat on the porous surface so that the acid film was uniformly held between the electrodes.
d.

Close control of the applied voltage.

e.

Isolation of the system from the surrounding humid air.

£.

Adequate lapse of time so as to achieve so-called steady

state conditions; that is, till the current readings remained constant
at constant voltage.
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B.

The probe, when not in use, was always kept over dry PzOs

or dry CaClz, and was directly connected to a direct-current source,
with the result that all absorbed water was continuously electrolyzed.
This gave a prolonged activity to the acid film on the probe surface.

C.

For a thin and uniform acid film on the probe surface sa tis-

factory results and reproducibility of rate of mass transfer data,
were obtained.

D.

Additional work will have to be done in this area of probe

design before a device for measuring the mass flux of water vapor
in various gases can be successfully utilized.
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VI.

SUMMARY

A sensitive probe has been constructed and investigated to
determine the possibility of measuring the rate of mass transfer of
water vapor diffusing through air.

The probe uses partially hydrated

phosphorus pentoxide as the sensing element, and platinum electrodes.
The water vapor diffusing to the probe reacts with the partially
hydrated phosphorus pentoxide to form phosphoric acid, which conducts a current directly proportional to the amount of acid formed.
The current also electrolyzes the water into hydrogen and oxygen at
the electrodes.

At steady state, the quantity of current recorded is

a function of the quantity of water vapor diffusing to the probe.

The

rate of mass transfer of water vapor is directly related to the electrolysis current by Faraday's law.
Under specific conditions of the temperature of the system, uniform acid film thickness on the probe surface, and electrode configuration, electrolysis current beyond some maximum value has been
shown to be independent of applied voltage.

From these constant

limiting current values, corresponding constant mass transfer rates
were obtained from Faraday's law.
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VI I.

APPENDICES

Two appendices are included in this thesis.

Appendix A con-

sists of a detailed description of the design and the behavior of
several probes constructed and used in this investigation.

Appen-

dix B contains a list of the equipment and materials used in the
experimental work and the specifications of these materials and
equipment.
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APPENDIX A
List of Probe Designs

In this investigation, various probe designs were prepared.
Probes were constructed and investigated to determine the possibility of measuring mass transfer rates of water vapor diffusing
through air.

1.

The following probe designs were studied:

Fiber Glass Cloth Probe.

The design of the fiber glass

cloth probe is illustrated in Figure 6, page 48.

The fiber glass cloth

that was used, had a mat of about 0. 3 square millimeters.

The

cloth was cleaned in boiling aqua-regia followed by boiling in distilled water and was dried.

A small circular piece of about 0. 75

inches in diameter was used.

Threads from the fiber glass cloth

were used to anchor the two platinum wire electrodes on the circular
cloth piece.

The entire probe surface was clamped between two

pieces of machined polyvinylchloride tubing.
PVC tubing had thicker walls.
piece.

The shorter piece of the

A cavity was machined out of this

The other PVC piece of slightly smaller diameter fitted

tightly into the cavity of the other piece.

The acid film of unheated

phosphoric acid was applied on the entire probe surface.

The film

appeared to be uniform but on drying the probe over dry phosphorus
pentoxide, at about 5. 0 volts, the acid film ruptured at several
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Figure 6.

Fiber Glasa Cloth Probe.
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points between the mat of the fiber glass threads.

This was due to

the rapid and continous formation of gas bubbles at the electrodes.
That is, due to the products of electrolysis of water vapor - oxygen
and hydrogen.

Tremendous fluctuations in current and voltage re-

adings were observed.

These fluctuations could have been due to

the non-uniformity of the acid film on the probe surface.

Two differ-

ent electrode arrangements were used:

2.

a.

spiral arrangement, and

b.

parallel arrangement.

Polyethylene Masking Tape and Fiber Glass Cloth Probe.

As shown in Figure 7, page 50, the probe consisted of two circular
pieces of a polyethylene masking tape, each of about 0. 75 inches in
diameter.

A hole of about 0. 5 centimeter in diameter was cut out

of each piece.

These holes coincided exactly with each other.

Two

platinum electrodes were anchored on a one centimeter square piece
of cleaned fiber glass cloth.
for anchoring purposes.

Again, fiber glass threads were used

This constituted the probe surface.

The

fiber glass cloth piece with the two electrodes was clamped between
the two sticky sides of the polyethylene tape, in line with the two
holes made on the tape.
cloth matrix.

The acid film was applied on the fiber glass

It was observed that the phosphoric acid tended to
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Polyethylene masking tape and fiber glass cloth probe.
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react with substances on the polyethylene tape.
rent and voltage readings were observed.

Fluctuations in cur-

Again, these fluctuations

could have been due to the non-uniformity of the acid film, as discussed in the previous design.

3.

Polyvinylchloride, "One-Piece" Probe.

The design of the

"one-piece" probe is illustrated in Figure 8, page 52.

A special

polyvinylchloride {PVC) assembly was machined for this design.

A

small 0. 5 inches disc of solid PVC about 0. 25 inches thick was machined and about 15 fine holes were drilled {No. 80 drill) in the central
area of the disc.

Two grooves were made with a pointed tool to hold

the two parallel electrodes in position.

The electrodes were pulled

out through fine holes on either side of the disc.
clamped between two flange-type PVC tubings.
smaller diameter was about 1. 5 inches tall.
for the products of electrolysis.

The disc was
The upper piece of

It served as a chimney

The lower piece of a larger dia-

meter was fitted into a centrally holed rubber stopper and was connected to the system.

Four pairs of screws and bolts were used to

keep the three pieces in position.

The acid film was applied on the

central portion of the PVC disc, between the electrodes.

Through

the top piece, just above the electrodes, a gradual flow of nitrogen
was allowed to enter from four directions.
was machined for this purpose.

A nitrogen distributor

Nitrogen served as a blanketing agent

sz

Tubes for Nz
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View of

Bottom of
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Figure 8.

Polyvinylchloride, 'one-piece' probe.

Bottom
View of
Probe
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against the humid air of the surroundings.

Tremendous fluctuations

in current and voltage readings were observed.

Again, this could

have been due to the non-uniformity of the acid film on the probe surface.

When the assembly was unclamped, it was observed that the

acid film had spread out non-uniformly on the entire PVC disc surface.

This was indicative of the poor wetting characteristics of

PVC.' Also, any increase in voltage resulted in an increase in the
temperature of the probe.

The viscosity of the acid film could have

decreased such that the less viscous acid could have unevenly spread
out on the PVC disc.

4.

Teflon, "Three-Piece" Probe.

Figure 9, page 54.

This probe is illustrated in

The probe consisted of three teflon discs of about

0. 5 inches in diameter.

The middle piece was about 0. 25 centimeters

in thickness, whereas the other two pieces were much thinner.

A

centrally located hole of about 0. 25 inches in diameter was machined
through the thinner top piece.

On the middle piece a cavity of about

0. 25 inches in diameter, in line with the hole of the upper thin piece,
was machined out, and a hole of about 0. 125 inches in diameter was
drilled out of the bottom of the cavity.

A hole of 0.125 inches dia-

meter was drilled out in the center of the lower thinner piece.

All

the holes on the three teflon pieces coincided with one another.

In
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the cavity of the middle piece, a piece of cleaned fiber glass cloth of
exact size, was placed.
trodes in position.
glass cloth mat.

It served as the mat for holding the elec-

Two parallel electrodes were placed on the fiber

The leads were pulled out through two fine holes

drilled on the sides of the middle piece.
applied over the fiber glass cloth mat.

The acid film was carefully
The three-piece teflon probe

was then carefully aligned and was clamped in the flange -type PVC
assembly used in the previous design.
blanketing agent.

Nitrogen was used as a

Owing to the poor wetting characteristics of teflon,

some of the acid left the fiber glass cloth mat and was unevenly spread
over the entire middle piece.

This could have been responsible for

the fluctuations observed in the current and voltage readings.
For the three-piece teflon probe, three modified designs were
prepared.

Modifications were based on the use of fiber glass cloth.

The three modified designs that were prepared and studied were :
a.

fiber glass cloth on the middle piece as the electrode

anchoring surface::
(i) circular cavity in the middle piece to hold the fiber
glass cloth and the electrodes,
(ii) a new middle piece of teflon of the same dimensions
as discussed above, was used; on this piece, a small central slit of
0. 25 x 0. 12 centimeters was machined out and the two electrodes were
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placed in position along the edge of the larger side of the slit.

A

piece of cleaned fiber glass cloth was placed beneath the two electrodes.

The acid film was then applied over the fiber glass cloth

and the two electrodes;
b.

the two electrodes were placed in position along the

larger edge of the slit, but the fiber glass cloth was not used.

The

acid film was applied over the slit;
c.

the middle piece was replaced by a thinner teflon piece

with a hole of 0. 25 inches diameter in the center.

Two circular

platinum gauze (mesh size 42) discs of the exact size were used as
the electrodes.

The thin middle piece served as a barrier between

the two electrodes, thereby preventing short circuiting.
In all cases, fluctuations in current and voltage readings were
observed.

This could have been due to the non-uniformity of the acid

film and for reasons discussed before.

5.

Teflon, "One-Piece" Probe.

The three-piece teflon probe

was modified to a single piece as illustrated in Figure 10, page 57.
On a solid teflon disc of about 0. 5 inches in diameter, two centrally
located cavities, both of about 0. 25 inches in diameter were machined
out on either sides of the disc.
two cavities from coinciding.

A very thin inner teflon rim kept the
Platinum gauze electrodes of exact
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s1ze were placed inside the two cavities.
the electrodes apart.

The inner teflon rim kept

The probe was clamped in the flange-type PVC

assembly used in the previous two designs.
The acid film was applied on each side of the platinum gauze.
During actual tests, it was observed that the acid collected on the 1nner
side of the lower electrode and dropped into the potassium thiocyanate
solution.

This was observed by the formation of a brick-red colored

spot in the excess potassium thiocyanate crystals in the bulk of the
liquid.

This could have been due to the decrease in viscosity of the

acid as the temperature increased with increasing voltage.

In one

particular test, a large drop of the acid fell from the probe surface
into the solution.

A sudden drop in the current reading , and the brick-

red coloration of the potassium thiocyanate crystals were observed.
Tests were carried out using a glass wool packing between the two
electrodes.

Still, fluctuations in the current and voltage readings

were observed.

Again, this could have been due to the non-uniformity

of the acid film held between the two disc-typed electrodes.

6.

Microstick, Sintered Glass Filter Tube Probe.

A microstick

sintered glass filter tube having a filter disc of about one centimeter
diameter and a tube length of about 14 centimeters, was used.
probe is illustrated in Figure 11, page 59.

The

Two parallel electrodes,
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about 0. 25 centimeters apart, were anchored through four drilled
holes and were pulled out at the other end of the tube.
film was applied on the entire filter disc.
and voltage readings were observed.

The acid

Fluctuations in current

Rapid formation of numerous

gas bubbles at the two electrodes were seen.

These bubbles (due to

products of electrolysis) were formed along the entire surface of
the electrodes.

The bubbles rapidly expanded and bursted.

This con-

tinous expansion and bursting of the bubbles could have disturbed the
acid film on the probe surface.

7.

Sintered Glass Filter Crucible Probe •

this probe proved to be the most successful.

In this investigation,

Three modified designs

were prepared:
a.

two parallel electrode arrangement (Figure 3, page 17)

b.

four parallel electrode arrangement

c.

two semi-circular platinum wire gauze electrodes.

The behavior of the first two designs have been discussed in
detail in the discussion section.
For the third design, two small semi-circular platinum wire
gauze electrodes were anchored at the base of the filter crucible.
Platinum wire was weaved through each piece.

This served for an-

choring the electrodes, and also served as the two electrode leads.
The acid film was carefully applied on the entire probe surface.

61

Several tests were performed, but in nearly all cases, the current after reaching a certain maximum value, gradually decreased
with increasing voltage.

A typical set of experimental data is pre-

sented in Table V, page 62.
representation of these data.

Figure 12, page 63, is the graphical
In Figure 12, the point corresponding

to a 6. 0 volt reading is considerably off.

It is believed that an in-

sufficient time interval was used and that steady state conditions
were not reached.
The reasons for the decreasing current values obtained when the
voltage was increased beyond the voltage corresponding to the maximum current value, could have been due to the back-streaming of the
electrolyzed products - hydrogen and oxygen.

As the electrodes were

in the form of a gauze, they could have served as a barrier to the
rapidly liberated gas bubbles at the electrodes.

Some of the electro-

lysis products could have exhibited a back-streaming tendency.

This

in turn, could have influenced the diffusivity of water vapor and could
have caused a decrease in the rate of water vapor reaching the probe.
Response time of this probe was much higher and was on the order of
three to five hours.

The high response time could be attributed to the

large electrode area and to the thickness of the sintered glass filter
disc.

The acid film could have penetrated into the disc and so large

response time could have been required to reach steady state.
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,,,

TABLE V ,,,

Rate of Mass Transfer of Water Vapor from a
Saturated Solution of KCNS at 25° C

Voltage

Current

volts

rna

1. 38

o. 015

Rate of Mass Transfer
of Water Vapor
(gm water I sec) 10

o. 014

4.00

11. 00

10. 25 2

6. 00

20.80

19.386

8.38

14.30

13.328

10. 20

14.70

13. 700

13. 20

13.30

12. 396

16.80

12. 70

11. 836

20.80

10.40

9.693

~:~

Sintered glass filter crucible probe with
platinum gauze electrodes
Data shown in Figure 12, page 63
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APPENDIX B
List of Equipment and Materials
Equipment

Power Supply.

Phaostron "Custom".

0 - 500 volts, 0 - 100 milliamperes, de.

Model 711 A.

Range:

Manufactured by: Hewlett

Packard and Company, Palo Alto, California.
Rheostat.

Variable resistance, 0 to 21, 820 ohms.

Manufactured

by: Central Scientific Company, Chicago, Illinois.
Milliammeter.

Simpsons.

Model 373, No. A - 65 {DC).

Ranges: 1, 5, 10, 25, 50, 100, 250, 500 and 1000 milliamperes.
Manufactured by: Simpsons Electric Company, Chicago, Illinois.
Voltmeter.

Heathkit vacuum tube voltmeter.

Model V -7.

vision for Resistance, and ac-dc voltage measurements.
200 microamperes.
de.

Pro-

Full Scale:

Ranges: I. 5, 5, 15, 50, 150, 500, and 1500 volts,

Manufactured by: Simpsons Electric Company, Chicago, Illinois.
Constant Temperature Bath.

bridge) Ltd., Duxford.

Manufactured by: Techne (Cam-

Instrument No. 1913.

H. Thomas Company, Philladelphia.

Distributed by: Arthur

100-120 volts and 1040 watts.

Materials

Potassium Thicyanate .

KCNS crystals.

AR grade.

Manufac-

tured by: Malinckrodt Chemical Works, St. Louis, Missouri.
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Phosphorus Pentoxide.

P

2

0

5

, purity 99. 6 per cent.

Manufac-

tured by: Fisher Scientific Company, Fair Lawn, New Jersey.
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